Omnvnuana «JIOMOHOCOB» o MexaHnke 1 MaTeMaTHYecKoMy Moaeupoanunio — 2017/2018
10 - 11 kaaccwl
Kputepumn omneHok 3axau:

Kaxxnas 3amaua onienuBaercs B 20 6amio. Onenka 20 6amioB CTaBUTCS 3a TPABUIIBHOE
MIOJIHOE pPEIICHUE 33]]Ja4l U IPABUIIbHBIN OTBET.

3a pelieHre ¢ pa3TUIHBIMU HeJloYeTaMu (HeI0OCTaTKH 0OOCHOBAHWS, HETOYHOCTHU U T. 11.)
craButcs 15 6ayuioB. B HEKOTOPHIX 3a/1auax CTaBMIIMCH Takoke oleHKU 5 1 10 6aymioB 3a yacTuyHOE
MIPOJIBUKEHHE B PEIICHHUU.

Buumanue! Hmoczoewlit 6ann yuacmuuka pagen cymme 0ainoe 3a nams 3a0ay u3 wiecmu, mo

ecmp Xyouasn u3 wecmu OYeHoK 3a 3a0a4u 6 CymMmy 0a106 He 6xooum.

Pemienus 3ana4y BapuanTa 181

1. ABTOMOOMIIb, MOTOLIMKJIUCT U BEIOCUIIEIUCT BbIEXaIU OJHOBPEMEHHO C ITOCTOSHHBIMU
CKOpPOCTSIMH U3 MyHKTa A B IyHKT 5. ABTOMOOWJIb, 10€XaB JI0 IyHKTa b5, cpasy ke pa3BepHYJICS U
roexai Haszajl, BCTpeTuB MoTtouukiaucTa B 10 kM, a Benocuneaucra — B 20 KM OoT IyHKTa b.
MOTOLMKIIUCT, 10€XaB 10 IyHKTa b, cpa3y jke pa3BepHYJICs, oexall Ha3al U BCTPETUII
Besocunenucta B 15 km ot nyHkra b. Haiinute pacctosHue Mexay myHKTaMu 4 U b B KMJIOMETpax.

Oxpyriure OTBET 0 OJIMKAMIIEro LEI0ro Yuca.

Oteer: 106 xm. Brmkaitmee nenoe: 24. Pemenue. ITycts nickoMoe paccTosiHuE €CTh X (KM),

a CKOPOCTH TPAHCIIOPTHBIX CPeACTB: &, b u € km/uac. [IpupaBHsieM Bpemsi 10 KaX/I0H U3 BCTpEY:

Xx+10 x-10 x+20 x-20 x+15 x-15 Xx+10 x+15 x-20 a b c
= , = : = . Otcrona . . =—-—-—=1,4r0
a b a c b c x—-10 x-15 x+20 b ¢ a

npusoxnT K ypapteriio (X+10)(x*—5x—300) =(x—10)(x*+5x—300) < x* =600, Xx=10V6 xwm.

Tak kak 242 <600, a 25° > 600, To 24 < x < 25. Tak kak 24,5° =600,25 > 600, To
24 < X < 24,5, TO ecTh OMIKAWIIUM LIETTBIM 3HaUeHUEM siBIisieTcs 24. OKpyriaeHue 10 OJIMKanIiero

I[EJIOT0 MOKHO MPOBOJIUTH pa3HbIMU criocobamMu. [ maBHOE TpeOoBaHME: OHO TOMKHO OBITH OCHOBAHO
Ha CTPOTHUX OIIEHKaX, a He Ha MPHUOJMKEHHBIX BRIYUCIICHHUIX 0€3 OIEHKH TOYHOCTH. B ciydae
HEOOOCHOBAHHOTO OKPYTJIEHHUS (JJaXKe MPU MPAaBWIILHOM PEIICHUH U OTBETE) 3a 33/1a4y CTaBUIIACh

ouenka 10 0asoB.

2. Ha ropusonTanbpHOE JHO cocyaa MMIMHAPHYIECKOH (POPMBI, COAEPIKAIIETO HEKOTOPOe
KOJIMYECTBO BO/JIbI, MOJIOKHUIIN CTAIBHOM MIap. Y POBEHb BOJBI B COCY/IE IMOJHSJICS A0 BBICOTBI, PABHOM
nuaMeTpy mapa. Lllap BEIHY/IM U TOJOXKUIIM Ha THO COCY/Ia BTOPOH CTaJIbHOM IIap pa3MepoM Ooublie
IIEPBOT0. Y POBEHb BOJBI OIISITh OKA3aJICs HA BBICOTE, PABHOM AMAMETPY HAXOIAIIErocs B COCyAe 1apa.

Haiigure oTHOLIEHHME pasnyca JHA COCya K pafinycy IIEpBOro 1iapa, €Ciii paguyc BTOPOTro

Irapa B JiBa pa3a 0oJibllie paauyca ImepBoro mapa.



.14
OrBer: 3 Pemenne. O603HaunM panuyc AHa cocyaa yepes R, panuychl nepBoro u
BTOpPOTO IIapoB yepes I u Kr (k > 1) COOTBETCTBEHHO. [10CKOIBKY KOJIMYECTBO BOJIBI B COCY/JIE HE

MeHSIeTCs, TIONTyJaeM ypaBHeHue 7R22r —gﬁr?’ = 7R?*2kr —gﬂk3r3 = R?2r(k-1) = g r*k®-1).

Torna R = 1/%(kz +k+1), uro npu Kk =2 NpUBOIWUT K OTBETY R = % .
r r

3. CembaecsT ceMb CEpBEPOB OJJMHAKOBOI MOIIIHOCTH JIOJIKHBI 00paboTaTh 1Ba MacCHBa
nHpopmanuu. Brauasne Bce oHM 00pabaThIBalOT MepBbIi MaccuB. B MoMeHT, korza 0110 00paboTaHo
25% mnepBoro MaccuBa, 33 cepBepa MepeKIIOUIN Ha 00paboTKy BTOPOro MaccuBa. B MomeHT, koria
Ob1U10 00paboTano emre 25% mepBoro MaccuBa, Ha 00pabOTKY BTOPOTO MAacCHBA OBLIO MEPEKITIOYCHO
emte 33 cepsepa. [locie aToro o6padoTka 000uX MaccHBOB ObliIa 3aKOHUYEHA OJTHOBpeMeHHO. Kakoii

MAaccHB OOJIBIIIE K BO CKOJIBKO pa3?

1
OTBeT: BTOpOIf MaccuB O0JIbIIE B ]5._6 = 3% = 3,1875 pa3. Pemenue. 3a Kaxxplil U3 Tpex

sTanoB paboTsl oOpaboTana 1/4, 1/4 u 1/2 mepBoro maccuBa cOOTBETCTBEHHO. [1ycTh mepBbIif MaccuB

A
paBeH A (eauHul nH(GoOpMarum). 3a BpeMs nepBoro sTana 77 cepBepoB 0opaboTanu 7 €VHMIL
A
nHpopmanuu B Maccuse |. 3a Bpems BToporo 3tana 44 cepsepa oOpadoranu 7 eIMHUI HH(pOopMaLun

33 A 3
B MaccuBe |, a 3HaumuT, 33 cepBepa obpabotanmu — -— = — A eaunHun uHGopmaruu B Maccuse |l.

44 4 16
Otansl paboThl Maccus | Maccus ||
1 (1/4 nepBoro maccuBa) 77 cepBepoB 0 cepsepoB
2 (1/4 mepBoro maccuBa) 44 cepsepa 33 cepepa
3 (1/2 nepBoro maccuBa) 11 cepBepos 66 cepBepoB

A
3a Bpems TpeThero stana 11 cepepoB obpaboTanu Y enuHUI nHpopManuu Maccusa |, a

3HAYUT, 66 cepBepoB 0OpadoTanu % ? =3A egunun uadopmanuu maccusa ll.

B cymme o6paborano A equnun nadopmanmu Maccusa | u % A+3A= % A equHUI

. 51
uHpopmanuu Maccusa |l. 3HauunT, BTOpoii MaccuB B T pas3 OobIIe.



4. VineanbHbIN Ta3 COBEpIIACT ITUKJIMYECKHUI MPOIECC, B KOTOPOM JaBJICHUE U TeMIlepaTrypa
cBs3anbl cootHomennem: T (P—4P,)* + P> (T —7T,)* =PT?, rae P,, T, — MOCTOAHHbIE BEIMYUHEI,
IIpUYEM peau3yroTcs Bce nomyctumbie napsl (P, T) . Onpenenure oTHOLIEHHE MAKCUMAIbLHOTO

3HaYeHUsS 00heMa raza K MUHUMAIBHOMY, CPEIU JTOCTUTAIONINXCSI B IIPOIIECCe.

Otser: g . Pemenne. Beenem o6o03nauenus: T, (P —aP))? + P/ (T —bT,)’ =c’P/T; . B ocsx

P/PR,, T /T, npouecc onuceiBaeTcst OKpyHOCTbIO ¢ entpom P /Py =a, T /T, =b pamuyca c.

JIMHUKM TOCTOSHHOTO 00beMa — MMPAMBIC, BBIXOAAIIHUEC U3 HaYaJla KOOpAUHAT. MaKCI/IMaHLHOMy u
MUHHUMAJIbHOMY 06’LeMy COOTBETCTBYIOT TOUKH Ha OKPYKHOCTH, KaCaTCJIbHBIC B KOTOPBIX IIPOXOIAT
4epe3 Ha4YaJI0 KOOpAHUHAT. 3HaueHne 00bEMA CBA3AHO C KOOpI[PIH&TOfI TOYKH COOTHOICHHUEM

T vRT, T/T vRT
V=vR—= 0 0 — O ctgar, TAE @ — YrOa MEXIy u30xopoii u ocko T /T, .
PR PR R yr Y H30X0p )

B Toukax, rae o6beM MakcuMaieH (MUHUMAJIEH), 3TOT Yol HETPY/JHO HalTH U3
reOMETPUYECKHUX COOOPaKEHMIA: OH SIBJIAETCS Pa3HOCTHIO (CyMMO#) yriioB Mexy ocbto T /T u
OTPE3KOM, IIPOBEACHHBIM M3 Hauajaa KOOPJIUHAT B LIEHTP OKPYKHOCTHU ( £ ) U MEXKAY ITUM OTPE3KOM U
KacaTeJIbHOW K OKPY)KHOCTH, TIPOBEJICHHOW M3 Havasia KoopauHar ( y ):

_ ctgpetgy 1

Ctg nax(min) = Ctg (ﬂ + }/) Ct97/ F Ctgﬂ .

Mycts d =+/a’ +b® —¢* — wmna orpeska kacarensHoit. Torna ctgf =b/a, ctgy=d/c,n

1+ctgpetgy ctgf+ctgy ac+bd cb+ad 9
ctgpctgy —1 ctgy —ctgf bd—ac ad—cb 5

HCKOMO€ OTHOLICHUE: N =

. . A
5. Mty nofanu m3 yria A Bonei00JIbHOM MJIOIAAKH CO CKOPOCTBIO  # 7
15 M/c, mox yrinomM « Kk OOKOBOM JIMHUM B HAalIPaBJIEHUHU 110 BETPY (BUI BeTeD p
CBEpXY MOKa3aH Ha pucyHKe). Tak KaKk BIOJb IUIOMAJAKU AYET BETEp, TO
M4 uepes 1,5 cekyHibl oKa3alcs B Touke B u BbuleTen 3a mpesensl 1 oL

]

1

ionaaky. Cuuras, 4To ASHCTBYIONIAs HA MsIY CHJIa COIPOTUBIIEHUS BO3/1yXa 3aBUCHUT OT €r0
CKOPOCTH OTHOCHUTEJIBHO BO3/1yXa U HaIllpaBJI€HAa TOYHO IIPOTHUB BEKTOPA OTHOCUTEIBHOU CKOPOCTH
Ms4a, onpeaenuTe ckopocTh Berpa. [llnpuna BoneiibonbHoi miomanku d =9 M, paccrosiuue a =13

M, Sina =0,6. BepTukaisHbIM IBMKEHHEM Ms4a peHeOpeyb.

OrtBer: 2 M/c. Pemienue. [lepeiinem B cuctemy orcuera, B KOTOPOH BO3yX MOKOUTCA (TO €CTh
ABIKYIIYIOCS cO cKopocThbio Betpa W). HarpaBuMm och Y BI0JIb KpaeB IUIOIMAAKH IO HAITPABICHUIO
BETPa, OCh X — B NIEPIIEHAUKYIISIPHOM HarpaBieHuH. B mokosiieiica cucreme oTcueTa X- KOMIOHEHTa

CKOpPOCTH MsYa B MOMEHT I0Jjauu paBHa V Sin ¢, Y-KOMITIOHEHTa paBHa V COS« . B cucreme orcuera,



CBSI3aHHOM C BO3/1yXOM, X-KOMIIOHEHTa CKOPOCTH HE U3MEHUTCS, a Y-KOMIIOHEHTa CTaHeT paBHa
V cosa—W . B 3T0i1 cucteme oTcyeTa CHila CONPOTUBIICHHS U CKOPOCTh KOJUIMHEAPHBI, @ 3HAYUT,

TpaeKTOpHus Msiua mpsiMoiiHerHa. To ecTh, eciu 1o X OH npoJieten d, TO 1Mo Y OH MmepeMecTHIICS Ha

q V cosa -W
Vsina
. V cosa -W
B HemonBuxkHOW cHCTeMe OTcYeTa CMeIleHHe 110 Y paBHO d Veing +Wrz=a (mo
SIno

V(asina—dcosa)

- =2 M/c.
Vzsinag—-d

ycnoButo). Otrcroma W =

Ba)KHO, 4TO pCHICHUC TOJIKHO OBITh MMOCTPOCHO I IMTPOMU3BOJIBHOI'O 3aKOHA CHJIbL
COIIPOTUBJICHHA. Ecnau B peICHUHN UCITIOJIB3YCTCA Kako#-To KOHerTHHﬁ 3aKOH, HAlIpUMCEP,
IIOCTOsAHHAA CuJjia COIIPOTHUBIICHUSA, IIPU KOTOpOﬁ ABUIKCHUC PABHOYCKOPECHHOC, I

IIPONOPLIMOHAIIbHASL MOJLYJII0 OTHOCUTENIBHONW CKOPOCTH, TO 3a/1a4a OLlEHUBaJIach He Bble 10 6amios.

6. Memiok ¢ Myko# crioiizaet 6€3 HaualbHOW CKOPOCTH I10 JIOCKE, HAKJIOHEHHOMU Mo yrioMm 45°
K ropu30oHTY. COCKOJIb3HYB C JIOCKH, OH CBOOOJHO Ia/1aeT Ha TOPU30HTAJIbHBIN 11011 U IOCie yaapa
CKOJIB3UT 10 Hemy. Koaddunment tpenus memika o qocky u noi pasel 0,5. Ha kakoM pacctossHuu oT
MecCTa MaJieHus1 Ha MOJI MEIIOK OCTaHOBUTCS, €CIIM Kpail TOCKU HaxoauTcs Ha BeicoTe 0,5 M oT nozna, a

MEIIIOK 10 HaJaJia ABVKEHNS HaXOMWIICS Ha BEICOTE 3,5 M?

OTtBeT:

17 -4415 . N )
T ~ 0,19 m. Pemenmne. Haiinem ckopocTh B KOHIIE HAKJIOHHOW MIJIOCKOCTH:

mgH = FTlO L+ (mVlz) /2, tne L — paccrosiHue, KOTOPOE MEIIOK MPOE3KaeT BI0Jb HAKIIOHHOM
IocKocTH, paBHoe L =H /sina. U3 nunamunku (3akon Kynona-Amonrona) F = umgcosa . Toraa:

V> =2gH -2ugH -ctga = 2gH (1— uctg @) .

Ilocne ydacTKka CBO60,Z[HOFO MaaCHUsA rOpUu30HTAIbHAA COCTABJIAIOIAsl CKOPOCTU HEC U3MCHUTCA

U ocraHercs paBHOH V,, =V, = \/ 2gH (1— uctg @) COS & , a BepTHKAIbHAS YBEIUIHUTCS 32 CUET

JICHCTBHUS CUJIbI TSOKECTH U CTaHET PaBHOH V, = \/Vlf, +2gh = \/ 2gH (1 uctgar)sin® a+2gh .

V map Heympyrui, mo3ToMy BepTHKAIbHAS KOMIIOHEHTA HMITYJIbCa MEIIKa NCYEe3aeT B Pe3y/IbTaTe
yaapa. DTo JaeT HaM OIEHKY BEJIMYMHBI MMITYJILCA CHITBI HOPMaJIbHOM peaknuu omopsl Py mpu ymape:
Py =MV, ; nMnysbe cuitbl TPEHUs 38 BpeMs y1apa (MPeJIoaraeM, 4To CKOJbKEHNE He
npekpamaercs): P, = uR, =umV, .

ITO MO3BOJIACT ¥Y3HaTh, Ha CKOJIBKO U3MCHHMJIACh T'OPHU30HTaJIbHAasA KOMIIOHCHTA UMITYJIbCa MCIIKa

3a Bpems ynapa: P, =m(V,, —U), U =V,, —/V, , rne U — ckopocTs Melmka nocie ysapa.



2 o
Janee xunernueckas sHeprus memka (MU )/ 2 momHocTsio nepeiiaer B paboTy CHIIbI TPEHMS, U

OH OCTaHOBHTCS, PO HcKkoMoe paccrosame S: (MU?)/2=umgS, S=U?/(2ug),

S = E[szx + ﬂzvzzy -2 ,Uszsz] . Orcrona:
7

_ H(@-uctga)(cos® a + u*sin® a) + u°h
y7,

S —ZCOSa\/H(1—,uCtga)<H(1—,uCtga)Sin2a+h).

TS g

Ioxacrasnss croga H=3, h=0,5, ©=0,5, a:%,nonyqaeM S=



